Objective. A prospective space-time scan statistic was applied to Chicago's 2002 shigellosis surveillance data to evaluate its utility in objectively describing clusters and assisting in the prioritization of investigations.
Public Health Reports / March-April 2006 / Volume 121 Shigella infections cause an estimated 448,000 gastrointestinal illnesses in the United States each year. 1 One serotype, Shigella sonnei, accounts for over twothirds of reported cases, and has frequently been associated with epidemic transmission. 2 Day care centers, [3] [4] [5] recreational water venues, 6 and summer camps for mentally retarded individuals 7 have been implicated as transmission settings in large outbreaks of Shigella sonnei infection, and community-wide outbreaks have occurred among members of a religious group 8 and men who have sex with men. 9 Although most cases of Shigella sonnei infection are acquired through close contact with an infected person, when food contamination occurs, resulting foodborne outbreaks may cause large numbers of cases in multiple jurisdictions. 10 Many public health departments conduct surveillance for shigellosis to identify cases, investigate potential sources of infection, and intervene to prevent further transmission. Geographic information systems (GIS) offer a variety of tools to assist with these functions. The uses of GIS include the geocoding of cases to postal codes or census tracts for calculation of counts and rates by geographic area, and the visualization or modeling of spatial and temporal patterns of disease occurrence. [11] [12] [13] In community outbreaks of Shigella sonnei infection, both statistical and mapping techniques have been implemented to assess clustering of cases and prioritize geographic areas for intensive investigation and intervention. 14 In Chicago from August to October of 2002, the number of human disease case reports registered by the Chicago Department of Public Health's (CDPH) Communicable Disease Surveillance System (CDSS) exceeded the expected number for 12 consecutive weeks, with the report burden in some weeks reaching as high as five times the number expected. Surveillance for cases of central nervous system disease during the large West Nile virus disease outbreak occurring locally and nationally contributed to the increase, 15 but CDPH also noted elevated numbers of shigellosis cases.
During this period, shigellosis clusters were delineated by periodically plotting the case-patients' reported residences on a city map using ArcView software 16 and subjectively deciding which cases should be considered part of a cluster. The arbitrary nature of this method prompted us to seek alternative means of identifying clusters. With this objective, we applied a prospective space-time scan statistic to Chicago's 2002 shigellosis surveillance data, and evaluated its utility in objectively describing clusters and assisting in the prioritization of investigations.
METHODS
Chicago is a city of approximately 2.9 million residents and an area of 229 square miles. CDPH investigates cases of reportable diseases, including shigellosis, as defined by the state of Illinois. A staff of field investigators and their supervisors are responsible for collecting illness, risk factor, and exposure data from patients or their close contacts, providing education, and implementing necessary control measures. Coincident with these activities, patients' demographic information, including addresses of residence, are verified or updated.
In 2002, shigellosis data were collected on paper case reports and entered into the CDSS, a Microsoft Access database. 17 SAS programs were written to extract shigellosis case data from the CDSS and reformat them for use in other applications. 18 The reported residences of shigellosis patients were geocoded to census tracts using Intelligent Dispatcher, a web-based application available through the Chicago Department of Business and Information Services. 19 Intelligent Dispatcher searches each given address against a tabular version of all possible geographies within Chicago, and outputs requested identifiers, such as census tract and mapping coordinates. Addresses that initially failed in this process were manually reviewed for typographical errors, or alternatively, paper case reports were reviewed to ensure that the correct address had been entered into the CDSS.
Analyses were conducted using SaTScan, a free software available online that was originally developed to identify cancer clusters. 20 The prospective space-time module in SaTScan identifies "live" clusters of disease-cases that are current as of the date of the analysis and strongly associated in place and time. 21 Fiftytwo separate space-time analyses were run, one for each week of 2002. SaTScan required three data files for each run: one file with the geographic coordinates of the center of each Chicago census tract; one with the population of each tract; and one with case data. The same coordinate and population files were used for each run, but the case files were unique to the week analyzed.
The case file for each week consisted of the total number of cases in a census tract for each date that a case occurred there, beginning with earliest case in January 1999 and ending with the most recent case in the CDSS as of the week of the analysis. Data for cases that could not be geocoded (e.g., due to an unreported or invalid address) were excluded. An analysis was run for each Saturday of 2002, and only cases that had been registered in the CDSS prior to that Saturday were included. For example, in the analysis for Week 1 (pertaining to Saturday, January 5, 2002), the case with the most recent onset that had been entered into the CDSS by this date was December 21, 2001 ; SaTScan therefore searched for live clustering that included the illness onset date of this most recently occurring case.
The time between exposure and symptom onset for cases of shigellosis may be as long as seven days, so SaTScan was set to delineate live clusters that spanned Յ28 days (or four incubation periods) prior to the onset date of the most current case in the case file. The temporal scanning window was maintained at one year for each analysis; the Week 1 case file, for example, whose most recent case had onset on December 21, 2001 , adjusted for analyses performed since December 22, 2000. The maximum spatial cluster size was set as a circle with radius Յ26,136 cartesian units (4.95 miles); at this setting, SaTScan would not delineate clusters larger than one-third the area of the city.
Clusters identified by SaTScan were described in terms of the range of illness onset dates of the cases in the cluster, the size of the cluster area in terms of the number of census tracts, the number of observed and expected cases in the cluster, the relative risk of being a case in the cluster, and the probability that a cluster of that magnitude or greater would be identified if the null hypothesis of no clusters were true (p-value). Additionally, the investigative findings of each case in the cluster were reviewed and clusters were described in terms of the reported frequency of the following risk factors for shigellosis transmission: a family or household member with diarrhea or confirmed Shigella sonnei infection around the time of the case-patient's illness; direct or indirect contact with a day care center, a summer camp, or international travel; swimming; or association with a known outbreak (defined as Ͼ2 laboratory-confirmed Shigella sonnei infections within 28 days in persons residing in separate households for whom a common exposure setting is identified). Graphical representations of the results were generated using ArcMap software. 22 Twelve live clusters of shigellosis were detected at the pϽ0.05 significance level. These consisted of two single household clusters and 10 community clusters (Table) . Four of the clusters were found in consecutive weeks. Many individual cases were located within multiple clusters. The community clusters ranged in size from 194 to 367 census tracts (medianϭ294), and in disease burden from 21 to 41 cases (medianϭ29). The most common investigative finding reported among cluster cases was family or household members with diarrhea around the same time as the case-patient. In the community clusters, the frequency of this report ranged from 20%-54% of all cases in the cluster (medianϭ43%). A median of 25% of cases per cluster were found to have a family or household member with confirmed Shigella sonnei infection, and attendance at a day care center by a case-patient or household or family member was found for a median of 13% of cluster cases.
RESULTS

From
All of the community clusters were found in data pertaining to Weeks 32 to 49 and had a temporal span of 28 days. The Figure displays the areas detected as statistically significant community clusters at the pϽ0.05 level during Weeks 31 to 49, with the reported patient residences of live cases for that week also plotted. While 17 cases were registered in the CDSS with onset during June 28-July 25 by Week 31, the Week 32 analysis had 43 cases with onset during July 6-August 2, a 2.5-fold increase. The clustering first detected for Week 32 in the west-central part of the city was sustained over several subsequent weeks.
Within the community clusters, 15 different day care centers were identified as potential exposure settings for case-patients or their close contacts. Two of these day care centers had documented outbreaks in 2002, and the earliest culture-confirmed cases in these outbreaks were included in the clusters delineated in the analyses for Weeks 32 and 42, respectively. Two other venue-associated outbreaks were investigated and reported in 2002, but none of the cases involved were identified within the clusters that were significant at the pϽ0.05 level. The earliest culture-confirmed case associated with one of these outbreaks (linked to a day care center) was included in a cluster identified in the Week 47 analysis that had an overall relative risk of 4. 
DISCUSSION
The prospective space-time scan statistic offers local health departments an objective way of describing clusters of shigellosis cases, and provides information to supplement what is seen when case-patients' residences are merely plotted on a map. The method we implemented could help prioritize the assignment and investigation of cases, particularly when overall shigellosis incidence exceeds expected numbers or when an agency's resources are stressed by other events, such as outbreaks. The West Nile virus disease outbreak that occurred nationally and in Chicago during the summer and fall of 2002 illustrates this situation, in that the epidemiologic, environmental, and public information resources of many local and state health departments in the United States were strained at that time. 23 The simulated application of this method to Chicago's 2002 shigellosis surveillance data yielded 10 statistically significant community clusters and the identification of 15 day care centers that may have served as shigellosis transmission settings, including two at which confirmed outbreaks occurred. These findings suggest that prioritization of cases within a space-time cluster might decrease the delay between illnesses and public health interventions that halt spread within the facility and, by extension, in the surrounding community. In addition, in describing the characteristics of case-patients within the cluster, a profile of the kinds of individuals at risk may be developed for the purpose of communicating prevention methods appropriately.
Depending on the characteristics of the jurisdiction and the disease under study, there are several parameters in SaTScan that can be adjusted. These include shortening or lengthening the time period for which a cluster would be considered live, the maximum geographic size of a cluster, and the frequency with which analyses are run. For example, the temporal limit of 28 days used in our evaluation reflects the belief that sources of shigellosis transmission should be detected as soon as possible, and outbreaks that have persisted for longer than a month are likely to have already been recognized through traditional means, but this setting is easily changed in SaTScan. We decided to limit the results presented in this report to clusters that were significant at the pϽ0.05 level. However, based on the finding of two nonsignificant clusters that included index cases linked to venue-associated outbreaks, it is recommended that all clusters, regardless of their statistical significance, be considered for prioritization.
The prospective space-time scan statistic first delineated clustering in the 2002 Chicago data in cases registered by Week 32; this cluster in the west-central area of the city continued to be detected over several subsequent weeks. The objective and descriptive nature of these results would have been especially valuable in supporting decisions about prioritizing investigations and interventions at the time that the increase was occurring. The prospective space-time scan statistic may also be useful in detecting and tracking clusters of other reportable endemic diseases, particularly those that-like shigellosis-are easily transmitted via close personal contact. These diseases include, but are not limited to, hepatitis A virus infection, influenza, and pertussis. In addition to the various software programs used, implementation of this method at CDPH required a wide array of personnel and skills. The resources included people to enter case reports into the CDSS; verify and collect patient data and communicate findings; update data and correct errors in the CDSS; write, maintain, and execute computerized routines to extract, reformat, and merge data for procedures in the different software programs; and generate and interpret the analysis results and maps. At the time of preparation of this manuscript, CDPH had completed the requirements gathering phase of the data collection module of a new Department-wide surveillance system. This effort is part of the National Electronic Disease Surveillance System initiative. 24 The new system will geocode Chicago patient residence addresses in real-time, simultaneous with electronic receipt of case reports that are entered into the system by public health reporters, CDPH staff, or via an automated laboratory data transfer. In addition, CDPH recently implemented a West Nile virus surveillance system that incorporates various data sources and analysis tools, and has an automated mapping and reporting process. 25 The methods and technologies used to query data, format and deliver them into analysis programs, create maps and reports, and evoke e-mail notifications may be applied in the future to the goal of shigellosis cluster detection as well.
While the prospective space-time scan statistic is a useful epidemiologic tool, it does not replace the human element of case investigations. Tracking down patients or their caretakers and communicating with administrators of at-risk settings such as day care centers cannot be done without investigators. Similarly, a program such as SaTScan is dependent on the accuracy, timeliness, and completeness of case report data. As improvements in electronic communicable disease reporting are implemented, there are likely to be more opportunities at the local level to measure the effect of the prospective space-time scan statistic in detecting clusters and facilitating timely disease control interventions.
